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Infrared astronomers have made significant discoveries using the NASA/Ames Research Center C-141 Kui 
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INTRODUCTION/OVERVIEW 





SOFIA STUDY OFFICE MANAGER G. Thorley 
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The SOFIA system concept presented In this document, including analyses and trades, concept definition and 
supporting activities, was developed by personnel of the Infrared Astronomy Projects Office (Code SR) (including the 
SOFIA Study Office and Telescope Systems Branch and their support contractors), and by Code EE (System 
Engineering Division) and Code OM (Science and Applications Aircraft Division) personnel, with support from Code 
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The overall objectives of the in-house SOFIA Phase A Telescope System study were to establish 
feasibility of achieving the performance requirements within established system constraints (e.g., size, 
mass); and to develop a preliminary Telescope System cost estimate. Concurrently, a contracted 
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The accompanying "Layout for Personnel Accommodations" (LOPA) was developed as part of a BMAC 
Phase A contracted study, using a Boeing 747SP (Special Performance) aircraft as the baseline SOFIA 
platform. The high-altltude/long endurance capabilities of this model, combined with its large cabin 
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The Telescope System optical layout is depicted, consisting of a '’generic” Cassegrain configuration 
with provisions for instruments at the Cassegrain focus and Nasmyth focus. The latter is 
accommodated by use of a removable tertiary flat mirror which reflects the beam 90° aft through the 
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Volume for Instruments 
ot the Cassegrain Focus 



TELESCOPE CONFIGURATION 





The concept for supporting the SOFIA Telescope/counterweight is very similar to the successful KAO 
design, although scaled up to handle the increased size and mass. The three major elements shown are 
the air bearing, vibration isolation actuators, and telescope motion torquers. The air bearing is 
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TELESCOPE SUPPORT SYSTEM 



Telescope System Cnmmnni™Hnn« 
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Telescope System Horn munition. (Contd) 
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TELESCOPE SUPPORT (FENCE, DOOR, ETC.) BROADBAND LAN 
INVESTIGATOR SUBSYSTEM/CONSOLES VIDEO DISTRIBUTION . 

HOUSEKEEPING AND DATA ACQUISITION MISCELLANEOUS PERIPHERAL EQUIPMENT 
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WAVELENGTH, microns 



The fundamental phenomenon underlying the great success of airborne astronomy is the transmission of 
the earths atmosphere at altitudes accessible to modern aircraft, which is compared to ground based 
transmission as a function of wavelength in Figure 2. The upper plot is at a spectral resolving power of 

10 %, and the lower plot shows one of the poorest transmission segments of the spectrum (80-120 um) at 
a resolving power of 5000. 
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capabilities far beyond those listed in Table 3. 
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Table 2 summarizes the parameters expected to be achievable for SOFIA, and compares them with the 
KAO. A few of these are highlighted here: 
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INDEPENDENT EXAMINATION OP DISTINCT RADIO COMPONENTS. 
MEASUREMENT OP A LARGE SAMPLE OP IRAS GALAXIES. 
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Having established the science potential for SOFIA based on its anticipated performance, we now 
examine its role in NASA's cast of existing and planned astronomy programs. 

Figure 7 is a plot of photometric sensitivity for point source detection versus wavelength for the KAO, 
IRAS, SOFIA, and the planned spaced-based facilities HST, SIRTF. and LDR. Note that increasine 
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SOFIA'S role as the stepping stone to FIRST and LDR was mentioned above. As a facility which is 
readily reconfigured for particular observations, SOFIA would allow detailed infrared studies to 
promptly investigate the discoveries obtained with other major facilities such as HST, AXAF, and 
GRO. Simultaneous observations could even be scheduled with a minimum of advance notice. Thus it 
is clear that SOFIA is a natural and’ important element in the overall progression of NASA's 
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carbon ring molecules, and to study gas dynamics and physical processes in galactic nuclei. 

The third need - a logical transition from the KAO to FIRST and LDR - is perceived in the context of 
the Hubble Space Telescope development. Whereas for HST there is an extensive tradition, a large 
community of qualified astronomers, and a long history of instrumentation for observations at 
ultraviolet and visible wavelengths, the contrary is true for the far-infrared. Indeed, the airborne 
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The above discussion confirms that SOFIA will satisfy the following critical needs in astronomy which 
will not be met any any other observatory foreseen in this century: 
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Pertinent details of the Telescope System concept are summarized. An aggressive weight goal for the 
system (including air bearing and counterweight) is 30,000 lbs; see weight breakdown/status in Section 
3.3. This goal is highly dependent on achieving the 110 kg/m* "areal density" goal for the 3-meter 
primary mirror facesheet; the mirror core/backface is expected to have about the same mass. A 48- 
point axial, 12-point lateral self-adjusting pneumatic primary support system of Graphite-Epoxy (G/E) 
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Major Telpsrnpp System Tmrip-nffs 

Many alternative concepts were analyzed for the various elements of the Telescope System. Some of 
the major trades ere shown on the chart, with the concepts selected written in italics; more details are 
provided in Sectioft 4. 
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S y s t e m type : SOFIA is planned to be a Cassegrain/Nasmyth telescope. This means it will have a large 
concave primary mirror, a small convex secondary mirror placed between the primary mirror and its 
focal point, and a removable flat tertiary mirror between the primary and secondary mirrors at a 45 
degree angle. 
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lese columns will usually result from non-optical considerations. 
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The accompanying table presents tolerances for the SOFIA telescope based on the optical requirements 
of producing a 1 arcsecond diameter point source image when the telescope is stopped down to a 2 
meter aperture, and producing better than a 3 arcsecond diameter point source image when the full 
aperture is used. (In actual operation the image would be further degraded by "seeing", and will be of 
reduced quality at the edge of the field and when the secondary mirror is tilted beyond the stated 


a> 

s 

0) 

U 


CJ 

u 

C 5 

0> 

</> 

c /3 

£ 




co 

LU 

o 

z 

< 

cr 

LU 

_j 

o 

H 

—I 

< 

O 

H 

CL 

O 

< 

LL 

o 

CO 


L I 

ai i 


n i 


>■ i 
■M I 
-M I 

H i 

•P4 I 

A t 
nj t 

44 I 

(0 I 


I 

QJ I 
•M I 
3 I 

I 


0 

IP 

A 

<r 


0) i 

3 I 

PH | 

I 

> I 


L 

a 

44 

01 

£ 

8 

L 

8 

0l 


u 

01 

U1 

u 

L 

<0 

in 

o 


s 

£ 


O 

o 


u 

QJ 

Lft 

U 

L 

8 


in 


E 

E 


U 

Hi 

U1 

u 

L 

8 


o in 


6 6 

£ E 


e e 

6 6 


6 6 

6 E 


u » 

CD O 

IN O 

in 

o 

O O 

O O 

o 

o 

o o 
• • 

O O 
• • 

o 

o 


6 

6 


IN 


i f 

8 

e 

8 

e 

u 

6 

8 

£ £ 

6 

6 

E 

6 

8 

8 

6 

N K) 
CS <1 

in 

ro 

in 


8 

U 

L 

n 

n 

in 

O 

9 o 

x 

o 

o 

vH 

o 


8 

o 

o 

o 

o o 

o 

o 

o 

in 


5 

o 

o o 

o 

o 

o 

o 

O 

O 

o 

• • 

• 

• 

• 

• 

4 

• 

• 


6 6 

6 8 

£ 6 

E 6 

o m 

O N 

O CD 

CN ** 

o ^ 

W 

w 


8 

6 


§ 

N 

IN 


1 8 
L 
Ol 
Ql 

*o 

o 

in in 


L 

0 


X 

L 

8 

T3 


X 

L 








L 


c 


c 




•04 


8 






X 

0 


8 


a 


L. 


+J 


6 


L 




44 9 

L 


U 

L 

u 


0 


L 


3 

£ 

0 




9 8 

L 

c 

8 

0 

8 

9 

L 


8 

L 

L 

44 9 

L 

y 



C 8 

8 

0 

•o 

44 

8 

8 

L 

C 

+J 

0 

44 

Ql 8 

L 

0 

c 

0 

8 


*04 


U 


8 

8 

0 


44 

m 

C 8 

8 

L. 

0 

4* 

0“4 04 

8 

4* 

X 

8 

0 



*04 

0 

u 

c 

8 


L> 

•04 

y 

8 

U 

L 

L 

> 

4* 

pH 

8 

44 

4-i 

8 

•04 

ph ^ 

8 

8 

44 

8 

pH L 

8 

0 

8 



8 

u 

L 


> 


8 

U 


w 

> 

8 44 

** 

44 

8 

4J 

X 

L 

8 

0 

X 


o 

H L 

8 

8 

0 


M C 

L 

8 

•04 

0-4 

L 

44 

«+» 

40* 

L 

44 

44 

8 44 

** 

U 

44 

44 

0 8 

3 

•04 

L 

•04 

8 

c 

L 

8 

8 

0H 


y c 

L 

8 

8 


8- U 

8 

T3 

a 

•U 

8 

8 

3 

•04 

6 

*04 

8 

0 8 

3 

** 

*p 4 

•04 






*04 

U 

8 

TJ 

*04 

44 

•04 

** U 

8 

L 

TJ 

44 

L L 

L 

L 

8 

L 

L 




L 


x 



3 



0 0 

3 

5 

3 

0 

a 

L 

L 

L 

a 

L 

8 

a k 

L 

8 

L 

L 

L L 

L 

L 

8 

L 


0 

Q 

0 


0 


0 0 

0 


0 

0 

L L 

U 

L 

L 

L 

6 

L 

L 

L 

6 

L 

6 

L L 

L 

8 

L 

L 

*04 *04 

*04 

•04 

8 

•04 

0 

L 

L 

L 

Q 

L 

0 

U L 

L 

8 

L 

L 

6 8 

6 

6 

> 

6 

L 

*04 

*04 

*04 

L. 

•04 

L 

•*4 

**4 

L 

•P4 

•04 

X X 





*4* 

6 

6 

6 


e 


8 6 

fi 

8 

8 

8 

X 

X 

X 

X 







X X 





L L 

L 

L 

L 

L 

8 

X 

X 

X 

8 

X 

8 


X 

X 

8 8 

8 

8 

8 

8 

U 

L 

L 

L 

u 

L 

u 

L L 

L 

8 

L 

L 

TJ T3 

T3 

13 

T3 

TJ 

c 

8 

8 

8 

c 

8 

c 

8 8 

8 

L 

8 

8 

£ £ 

C 

C 

C 

C 

8 

*04 

*04 

•04 

8 

•04 

8 

E E 

E 4* 

E 

6 

0 0 

0 

0 

0 

0 


44 

4J 

4-» 

4J 

44 

4J 

»«H ’H 

*04 

C 

*04 

•04 

U u 

u 

u 

u 

u 

8 

Im 

L. 

L 

8 

L 

8 

L L 

L 

8 

L 

L 

8 8 

8 

8 

8 

Ol 

•04 

8 

8 

8 

•04 

8 

•04 

CL CL 

CL U 

CL 

CL 

in in 

in 

in 

in 

in 

Q 

H 

H 

H 

Q 

H 

o 


E 

E 


IN 

O 


E 

E 


in 


a> 


i 


u 

8 

> 


IP 

0 

a 

ip 


c 

01 

E 

3 

L 

44 

IP 

c 


-20 




S' 8,* 2 > 

rr* i s 


— * j ' S' x w 
*+ m~ O O 

srl-S s 

?r?S7 

* ° 3 5* £ 

3 3 3 3 <P 
= s » JD 5 

3* A Qi 3 

I 2® o-~ 

S 5 s/* ? 
3* ^<5.52 

*> 2,5 re » 

in ^ 2 * ? 
?? 3 *' 
itrst 

§o2l« 

__ Hi 3 01 •>* 

•£25 

g 3 » 5 3 

W Q» Q <« 

* 3 Cc» 

Hsff 

3 s ’ SS =■ 

3 Sjj »£ 
*♦ *+ •» «< 
O -.2 

g 2 ST 

3§S 

*2§ 

§>§* 

? w <3 

H* 

« 9 
0.2 
2 * 

•o 2 
0 ? 

0 £ 
re ** 

_» n* 

£ re 

2 » 

3 = 

a <5 
re £ 

12 

* re 

^ ar 

?§ 

• 3 

iE 

o& 3* 

S 2 

3* ™ 

<p 1 


3 


c 3* 

<p 

O 3 

-1 Q. 

O <0 
c « 

3 T3 
fit 

» * 
3 - 
O 
<0 

? 3 

H a 

? • 
<» a 

~ 2 

*— 3 

3T *♦ 
~ <P 
*♦ ** 
O ^ 
ep o 

! 2 
is 

• o 
— <p 

B) 

~ 3 

§• | 

3 re 

** 3 
cr <p 


o* or ft ni ,j ft a ■-« « 

re «s ? 2 3 o 3ft » 

?- * 2 re ~ 3*<ff a. ~ 


r* » re 

*■£» 2 . 
re 9 re re 
2 5 re 2 re 

o re o * re 

? jg-P 3 

il •! 

? • a3 



5 o 3 *" 

re a 2 . »♦ 


*• 2» 
re - 

2 3 


3 2 


<® 

3 




3 

<p 

T> CT D 

2 S S’ 


5*3 
gif 

~ 3 & 


• v 

ct 3* O 

6 -* re 
•1 

t n 2. g 
= * re 


s' ^ cy 

*53 

3 S « g 

03.0 re 
re re -* » 

«Ort. 

T2 re a - 3 
» « re 

O a Qfc 

re ©."H 

a ** 2- ** 

aa C 

3793 

2:5 s 

Sfg§ 

Hi*® 

2 T O ^ 

#2 re *» S 
‘S 0 re re 

* 3 5 * 

3 ‘8*I 

g Hi 

<* tp A 2 
Q. m <p *< 

wgsq 
~ 3 2* 3 
® 12 r 

3 3^2 

2 2 o 3 

ft & H»>t 


° 3 . 0 . ■ - 

r* re 5 a ct 

• 5 * ? 

3 &°f 3 

a * *♦ 2 re* 
£ 5 a* e. a. 

2 < * ~.<i 
O 2 . *re2 2 
°» re ” S' 

* 2 * •§ 

® 2. ** 

&*■“!£ 


a. •* 


< 4 H 

5 ST 

* <p 

5 5 

a 3 


tp 


Cfl 3 « 
OB 3 3 
3 <P 
3^0 
<P <P ^ 

g 2 re 

U • rej 
ft J JJ 

“3S 

9: SS* ^ 

m - 3“ 
gift 

<P £5 Oi 

ft 1 

<p 2 
*% <p 
• OB 

e 


3 7 

ft IT 


£ re 

(P 

s 

i 


*2 


s 

i 

if 

*» ref 

w 3* 

=■ re 

sr 3 

» 7 

»n 0 

3 5 
£ a 
3^ 

re ^ 

^ cn 
n) 

►— * jr 
v<- g 

^ 3* 

9 s 


CO OB 

^ o 

^ cr 
co rp 

i 3 

£ 3r 
_ re 
re o. 
.3 

3 0 

a- re 
w’ S* 


(P O) 


3 

» 

<3 



f/M 



•u 

I 

N) 

ro 


® ® O ffl A * J - jn 1 

= 5 -il “3 ° s “ 

H» (D “ 


* VI -H 3 J ft 

= » S* 1 - 2 


*+» f+> HI 

2 S'.” 
n n ~ 
*3 


g-SES" 

>| 2 r» srs - 

9- <5 «« 


ft niif 3 w 3 3 ift 3 Tl 

o V! «« 5ESI^’ « f 

3 ** - S* 0 ? ?? 9* ° ►tj o 
3 J 2 M 3 1 o ^ H. 

g«g 2 H g5 *«< 2.^ g 2 

g 3 ■© « °xs: - 5g1 5 

3 «Z 7 £ 3 -~'»Z 2 .§ 

r3o&,^5&s:' 


> ? * 
2. 3 2. 


o, a S 


O S 


M Q| 

>1 OQ JS' 3 2 " . W r-» s, 

s ~ ^S. & rt 5;? 3 ’* S; 

** o 2 7 o 2. *■ « S’ 2 3 
■ff^Il^SSSSg 
*»2&S2. =r 2 3 p*o*E< 
** 3 ft 2.3 "* « « - — g 

A a n » "» ST — ft ® 9* 2 

x 3 — «3 «»S 15 ” 

P 9? co ft c 


a fl» Q» IB £• IP N 

2 2C9»»aosJ» 

J5jf»®r*— - t c rr ^ 3 

^I’S-sS^gSSoS 

0,7 m 0 a r- *“•» “ 


*1 3 


3 3 


°* S w n> c ^ c" 
^ Jr* o W^q.^ *-» 
8 ll 5^5#S i oM 

3 a S ^ S2 


IP 

> a. 


>o 

a. 


43 * 3 


«" 3 

£ sff f 

3. ^ O 

.. g « « 3 3 

><* n 0 3 »n ” 

"1 -T 7 * «l « O 0 jjf 
2 2^ ® a _ 3 (0 

0 Q. ® _ * 2. C/1 W 


m 3 « 
0 » c/s 



aa-si^sisra 

?sr a ^ 3 o- 

S , * 2 .~§ , S- 4 gS !* 1 

_W33ftogi_N 
O O QQ 3 p m* 2 0 

ip _ » g r 3 2 5' 

2,d? o m Sr w • 3 tn 

O*^. 0 ^ 3 ~ ~ o • 

* 3 5?° ^ 5 J» 

3 


3 A ~ 


— 0*0 

3 2 % g 

ca Z < M ** 01 

g*«g #*1 2 . £ ", o 

a* < g.d5 S. o <5.^ S 


■2 > ? ST H 


0 0 


n 2 ip » 9 

- !«m 


■§« 


« also* 
“■*< g-JJ ft 

o i*o" 7 

*» «" M 7 5 

23 ’S « o 

► _ o o» 2. 

22*3- 
4,4 o* ♦ ^ I* 

• z. 2 g 

a 3 wS ® 

%£•» 

Z n 3 §• g 

< < • 3 2 . 

3M » <g 

3 N- 7^ O. 
«oi® o (P 
dO< H»< 
0 O (t ^ ft 

Sffyff 

® • ft ® ft 
Q. 3 ** Oi 
(V Htj m - 

- E T S " 

t sr ft ° 

0 7 *• "+ 

a » 2 <* ST 

■g £ &3 

2 J O’ • 0 
2 ***< >S 

ss* t» w ®5 



3 7 |_ 

S Z 5T H 2 2. * 
? S I §’=*’ ft’s 
S^|«&S 3 
2 3 ,Q '= r ' » 

1 fi 

5 li>oS| 

0^0 < 3 

s* Eg ?? S 

5-0 ~ 8 n- § <• 

“ i» 3 S- 

0 *} uj 2 ** IP 3 

-- h = 2 2 f ® 2 . 

23cl3 ** o 

2 ST a J 2 •*. 

5 3 I >i 5 2 

^ M 7 X M S. 9 

3 "srSs^s 

a M IB 5 » ^ 


w 


d M 2 w z a 

2ft 0 • 2. n 

OlN < *+ *+ — • 0 

2 » * 3 S, — S. 

2 >o -» sr 3^ = 

J '*££*’< 
—•0 7 7"*+ 

2 n ® c 10 5 r 

O 3 3 * s ' 1 S' 

~ ^ T* -r C 7 3 


TP o 

faf? 

*s- a i 

•Hf s| 

2 ft S 

W < 7<< 
OT 0 m 

*+ ® — 
-•033 
3 ri ^ ^ 

»•< ? S 

J? 5*2 g* 

* ” "2. 

O — Q. 

-»d5' m r» 

3 si 11 

C ft <4 J- 

O n «< 0 

Iig<g 

o® § * 

* * 2 « 
® 7 O 3 
T *-► *+ O 

Q* ft 3* 3 

® ® 3 a 

3 0 A t 
w *+ 2 7 

3* 5g ® 
•-•oq ® 55 
m “ O 0 


o £ 
* 2 


7 ® - 

7 ® C ® 


*+ a. 


si|«»*g 

®^»® 

M ft < O + 0 

- ® o • ^ w 
5' ® jj. h S* 2 
g ~ £ 2 . * S 
-■* 3 S 2 9: 

_ "2 O'O Q, 

S o c o £. c* 
=r rt. '♦•o 2 ST 

3 n o ^ a. “ 

=• a 2 X «* S* 
3 « 2 go ET 2 
h, 2 .“-hS 

* 3 | * 5 5 

r* Q, ® M ? 0 
—■V) C <-► 

="g ?sr. 2 . 

O < ft 

^ A ^ C ® g 

® o 2 . -• «• o 

S -<g. § 2 ’s 

c® 2. - X =T 

oq 0 2 , g S 3 
5 » ~ a* i ~ 

— 3 7 0 A 7 

a 0 a n 0 


2-3 JfH 

s g 4 » 

0 Cft 3 

•’230 

0*32* 

_ o o 

3 3 "* O' 

•^ o f+ 2 

“ s.g’ i 

= - g. 

£*M 

«< m, 2 . 

*+230 

O gflPC -* 

S’ z 2. 3 
_ s «» » 

5522. 

* *4 3 3 

3 2.^5 
» ^ _ 3 
M • 3 

3 3 2 . ft 
= 2 X« 
3 “ 5-g 

-Sg^-S 

sis rt 

? 9: » 

2 2 ! *♦ X 
2 S ™ 
p + rc 


7. 0 

M 


< r. ft S’ ff ft S *+ g 

m a u> Oi a pi r p 7 ” 3 

a» 2 n s. 3"9 W Z 2 x o • 


0 

0 


0 7 
— 3 0 

3 H - » 

S |S s 

O 9-. §■« 
3 2 c ft 
g =r a - 

|5 • S 

J u 

S. 52. ft 2. 


c 

"ft 

0 


M O *"* 
7 •+• *T 


O 

* 


cn 0 

0 

: g co 

3 o 

„ ^ 3 
‘ < CO 
0 * 
60 

CO ^ 
0 ? 


3 

7 ^ 

0 0 7 


-. 2 , 5 h 

8 51^ 

7 0 0 < 
ft - U 

<5.? o « 

3 7 17 
~ 3 3 ~ 
0*0*0 

sr^ n ~ 

* 3 » sr 
3 -• O w 
ft 3 ^*50 

S O *+ o 
? * 1 ? ^ 
07^7 
p- 0 

7 ( §.2L 

0 S 0 
0 o» 

3 ^ o 
Q. “ *5 
0 0 ^ 

S3 sr 

**» O ® 

«■ g* » 
a.% a 

co 3 s 

0 0 JJ 

^ 7 fr 

7 o ® 

0 3 3 

® *+ — 

T3 -• g* 

'0 3 2. 
2 0 < 

0 q 

X 0 ift 

3*2. 
0 — 


£ CL O 

B * 5 

» >ft 

0 

r- 

cn co 

s 0< £ 
70 “ 

n = » 
=• F 3 


■8 ?l 

3 C ® 
SL 2 cpq 
S S* 7 

— 0 *+ 

0 T „ 
CO << 0 

3 o’ 0 - 

- •ft ^+ 

g. ~ *■ 

W =■ 2 

o o 3 

*2 < +% 
< < o 
0 0 n 

Xdq • 

2 7 0 

3 -4 *4| 


n 

39 

3 

3- 

£ 




b? 



MAXIMUM TELESCOPE APERTURE (METERS) 


-24 





on 3 3 

0 3 2. 
•ft ft £ 
^ 3 ^ 

H 2 S 

J ft CO 

S- 

< jSftn, 

2 * » j? 

3 = 

2 3 0 0 3 

3* sr » 

ft ft 2 
— ft 

— ST 
— 2. & 
0 £ ~ 

S:*S 3 3 s* 
x%* - ® 

1 3 S- 
2.3 1 

« 3 t 

ft S 3 

c 3 

CO W Mb 

i- 

a?s 

— * 3 . ~ 2 

?3e!>2. 

8^42* 

*• 

2» 26 2, w 25 

3* 3 0 

3 ft 9 

ST ^ 2 

w £ 3 
55 <v 

3 21 CO ^ 0 

3 « ^ S 5 


ft OB 
3 CL° 

* § §<r5 s 

*— — © ft 

21 o' -ft 3 2 
« 3 * 3 » S. 

~ 2 * 2» 
= w 

_, O’ ft ft £1 ft 

?S J 3 ?3 

* § ? rr St f 

OB o 2 

o 3 JiTST J 


=*« a- 


N 



o ? ^ 

^ ft 3 

S 3 * 

!=? — 2, 


r» w <S ft 


ft g OB 
3 Q, 
» ^ 
*' % 


00* 
CO 'S. 


“ o- o » 

a|3« 


J* *<* 'O 


w w — a f* 
CO OB 2 3 
• Jr* o ^ ft «-► 

9 a J a 2 

E !? 2. g o* a 

a*’ " 5 S 
2 . « « 
jq Qi *o 

c § % 

£a.~ZZ 8 

*< >o cr 2 • 

r, “ » 5 5. 

s o * 1 1 > 

_ < 5, 9* £ 

M.i5* 

8f S srS 
-* 1= - 
? “ * S’! 3 

•Sgsiso 

_ ® “• a 3 

0 ? s? 2. ~ 

« S«< a <*2. 

ft -BON 
T B 3 M h» ft 


O 

* 

ft 


f? 


<< 

2 

?* 

3 

1 

» 

5* 

0 

S 


a. 

•* 

ft 




z: 


>“ — 
O' 

— I 

r 

< o 




O 

O 


o 

O 

CL w 

CD 



CL 


I 

O 

o 

NO 


I 

o 

o 

in 


o 

o 


MAXIMUM TELESCOPE APERTURE (METERS) 



A 

I 

tsj 

ON 


» o 


►<§. 


® -o «< <* 

3 c — 3 ; 

*g 2?o 

5 ST« 3. 

® S' O » 

^ rti " J 

c S, 2 ® 

2 n ~ 

0 *o 3 <p ** 

t 2 ® n* ^ 

® 3= £ 

<g 5 §5* 

5 ■§ 3 
8 2.| 
a* s 

~as° 

=r > o. 

0—0 

% • « 

2 « o 

Sufl 

3 Jo 

a. 2.5 

s;£ S’ 

2 0 3 
3 o» 2 
sag 1 
raX 


0 O 

3 5 

EL 3 

r* 

o * 

3# 

*85 
0 0. 

~3 5 

(D « » 
_ 0 
3 52 


*> 

0 


o 

*■* 

o 

0 

CL 


3 <* 

3^ 

0 
Hf 


w 

3 


o 

» 


S’ 9:3 

^ H» 

=r =!3 

# 2 r 

<* «. o 
cr ~ ^ 
« ° o- 

(P m 

3 3 S 

ffS.I 

« C w 
® 

0 o 
Qu 0 a 


^X) w J 

H) n DD J 
&*&• 
§ fi* 

4':>l 

*< a •"■* JT 
“•*2 ° 

CA *P 2 O 

<5 3 • 5 
*g ® 2. 

2~3? 

0 0 » rr 
Q» Q. M S* 
,* < 2 . 

° § 3 T 

S ® 3 S 

f* *<§ 5* | 

«i ® 2 

Q> Qi 

3 5 * 0 ^ 
3 0 2i 

= 33 ? 
a? f « 

• a <* 0 

3 » -? 
(# “ o o 

*♦ _ I 3 
0 _ 

"» 8 

® s*« 8 

«-► O a* 
0 3 3 3 
3 3 ? O 

« ® 2 “ 

*32 

3 g 2 

HL? S xi 

Is!! 

0 0 *** 


(P 

9 0 

— s 


o 

0 

09 


o<a s* ® 

- 

WM jO 

~ 5 * 

W « 0 i 
«N-» 
3 * O 3 
3 S «# 

.**0 * X 

# M* (P M 

ir. 


i * 

a. g. tt 


a. 

J* 3 » 
•So- 
rt 

d ni 0 
C M O' 

“ g. sr 

3 °* 3 
^ w ^ 

is * 3 

0 9 0 


2* 2 N H 

® o (B TT 


CA 


0 


1 
o 
Q. N 
c 

'I 


0 


i w 

P’S 


<j 5' 3 o 
3 3 

*U 

3 ° ’ 55 
S n * T1 ’0 
g < n 2 

3 <p ^ 

3 O' 

2 * 0 
O ^ a 

£.3 
S' 3 << 

S — cr 

3 

o - _ 

C 2. M „ 

3 S' 0> K 


0 > 


dS 

ar 

<p 

N| M *1 

g S’ -<* 

g 2 . (p 


Sz 

<3 


? ° 


2 


Ho^ 

M 


8 r rf 

5«1 

3 “'O 
111 
li f 
^ — 


& qo 


(P 


C 

a 

<< 


8 

> 

o 


o 


o S3 
5:5 2 . 

9T 3 


*s s 


2 <p — 

O 09 ^ 
09 W ® 
m ^ 09 

$ g- 2. 

m 9 a 

S ~ a 

^ » * 
3* 09 

C 3* 3 

'll 3* ? 

^ o 5’ 

„ n ^ 
09 

CO 3 3 
<5*5 


(P 


— * 09 0) 

gcc 

S 03 03 
3 0 0 


# cr w 
o o r*- 
o <p 

2 3 * 

3 » » 

'H. Q. Q, 
— • (P 

3 - o 
S 2 . S' 
a( g S 

o’ 2 . 2 
*< 

o 2 : 

0 ® O 
0> 3 n 
r+ *+*< 

3*<<* 

03 3 



sr 


a . 3 > 

ar ;• 

n g 

09 

8 » 

- £ 

5 3 


gi 


su; 3? 

• CD A ** 


8 • 

>-o 

SO 3 

o* S 

0 * ~ 

^ 3 

o 

*1 

H 

ar o 

55* n 

03 

« O 

O *rj 

E> 

o 

0 

3 


X 


2 r* o ® 

® 2 *■* M - 

0 ^ ® 


£. ? Pd 
0 ? 2 « 


03 ® <3^; 

w5® m w S. o 2 

J» o* S ^3 — — 5 

o S’ 3 2 «£ 

|S|=?|IS^ 

sr £ i-i a rp 


^ << o 3 S- 

Si 8 « . n 2 

S3 2 22 0*3"? 

. ! Sue o 0 2 

? 3 « 2 ^2 8 ^ 

2 3 3 * - a- 

So^jJ 03* 

® s t- 0 » ® 

- 5* ® 2 , ^ ^ ^ 

^ Is ?*’?€* 


a 

o 

< 

<p 

3 


O 

3 

a 


r*6.a*2 ™ 

| * 3 • 5 S« 

2 S : 3 ff 

® o^.S'SS'S’S 


- 2 S-S- “330^ 

g-IS^-^|o 

Z 3 , §I*= 3 '?’| 

• s a§Ssi|3 

3T Sf c S tB ® O 

f > * 2 |Sss ' 3 

i * jc -# s 3 j 

» °5 3 !***% 

o ^3 g a - a ? o * 

** 3*2.0 5*2 3 

r ? 2 9* ® 

^ I S« 0! 

9 2 ** 50 ;? 

I 9 b 

0 ) ^ — 


Q. § *0 
0 5 (P 

El ?* J? 
r* c o 

•? 3 3 

rW n 

(p “ 


o 

0 

O* 


VI f 4 V Im 

^ ® S. 2. M 

c S^o^ 

n =T o 3 r* 


o 'g 

* 5 

0 


3 ' * • , 

mini 


09 

0 0 

•8 T 

1 s’ 3 

= ot* 

r* » W 

s?: 

• s g 

g ff a* *. 

« 3 £:S<8 
’2.3 o s'* 


o 

r. zi^i w 

a ® 2 s* ^ 

o =, 

3 3 ^ <- 3 
O ^ 0 >- 


• 0 
_ 0 
< 3* 


5D - n 

^ S’ h 3 


dgo.3 


S*^ 

co 3 S 
o 2. 03 

X? g. 
oq o - 

"i 


0 


O 

N3tA ®4» 


-1 

0 


: s ® 


- - ® S 0 « 0 


m n ® Or ® 

1ft 21 cr 3 
— 01 r-N r* OD 


n SB 


is® 

o 3 
o 


it# 

*♦ as 


* O g O 
o.*3 


W >< 

o O 


3__. 

0 0 § ^ « B 
3 „ 0 3* 

ff 9 s2| Z 

11 S 5 * 5 o 

O’™ 3* § 

» i 3 5 


O ° 
•3 O 


•1 H» 


0 


.. * 0 ^ 
-° ? gq- 


fl?3’*;n 
3" 5 *• * ~ 3 <* 

i?3«*Sa 

3.2 5 2 * « 1 


^! 3 3 

3*0 3 


Si 

0 


0 — 
X 3 

5 ~ 

3 sr 

T3 0 

ST £ 
0*2. 
2 


O ? T - 

o s 

o »♦• 2 

ft s < 3 - ^ 

■SafM* 

ft;s--“ 

<< o J 


> (A 

3- 


3- 7 21 

0 J 3 

3 3 3T 0 


**•* — 

® O. O' 

»§• 5 

M ® 3 

— . CO •* 


M ^ 

3: 3 O 
OQ 3 *■» 
3* T 


cj5' S S ^ 5 
2 a =| 8 « 
« o ®* (» * ** «2 

« ™ 3*5. A *< 

o5" g 2 ST a ft 

3-2 ft ?• 


0 sr 

1 “’ 

3* 3 

09 C 


3 § 3 


3* 

0 


S«* 

o 

" TJ 6 3, 

8 2 -3«g « 
2 g «< — 
1 3 « 

9* ® * 

®t »^2 

2» 2« 

Oi J w 

3* 0 S 
*i 5 

IsSsg 

«,* O’ g? 

o 5 _i ® 2. 

5 » 

s 2 


T3 T3 
=1 -* 
O 
< 


0 ® 0 
3 w Z« 

o'*?! 

^ ® H 3 
5 , 3*0 59 

f a *9 

3 ^ 

0 3 

Z S' 

* 3 


O 3* -« 

O' ® 0 
-•0 0 
O. O’ <■+ w 
0 2 0 3* 

m<< 3 ft » 


S 

p 

<Q 

or 

V 

1 


& 


2 

> 



u 

a> 


B 


u 


u 


a> 






s 

<3 



< 

x 


CO 

C\J 


o o 
csi 


IT) 

I s - c** 


o o o o o 


o 

0) 

DC 

o 

u. 

> 

(3 

O 


< 

£E 

UJ 


< 



o 



CO x 

CO 

co nr co 

W CO 

X 

X 5 X 

< Q 

< 

< a < 

X UJ 

X 

£E O CC 

X < CO 

< X 

<CUJ< 

X X 3 

5 -j 

I UJ _ J X 

3 O X 

O 3 

O N 3 O 


X 

o 

UJ 


S* 


^ C30 U) 
CN4 t- O 


lo in 
CO T- 


U) 00 o> O) 0) 
co cnj cvi cvi cvi 


z 

< 

_l 

ffi 

X 

o 

X 

X 


UJ 

o. 


3 

CO = £ 
3 CL £ 

ll co ll 


•— 

Jr CO 

S3 

S3R 

9 

9& 

z h- 

CL CC 

Z Z 
CL UJ 

CO LL 

CO 2 


UJ 

t 

CO 

_2 
teas 
cc < O 

U. O O 


>■ 

X 

< 

s 

oc 

a. 


< 

g 

—i 

o. 

a. 

< 


I— iu 

h F > 

CO < UJ 

x > a 


CM LU 

o > 

X UJ 

< Q 


co in <o r*^ 
< < < < < 
ILU.ILU.11. 

o o o o o 

co co co co co 


g 

LU 

£ 

H 

X 

a 


o 

o 

o 

<i 


Q 

UJ 

i 

x 2 


cm co 
co in cm 

r- CM 


X 

G 

UJ 

X 

o 

col 


r- cm 
<Ji CO 


G 

UJ 

G 

3 

H 

coi 


ID N O CO O 
CD CM ^ O (O 


o 

g 

x 

UJ 

2 

UJ 

X 


a 

UJ 

a 

z 

3 


UJ 

X 

a. 

UJ 

o. 

O 

o 

co 

LU 


z 

2 

a 

z 

x 

§ 

= 8 
•I 

UJ 

z 


2 H 
LU □ 
CO ^ 


$s 

| 5 | 

3 « 


in 

S 


a. 
x 
O 
o 

X 

o 

X 

s 

3 £3 

O X 

1“ 

9« 

X 

X 

o 

X 


a 


S 3 


2 

2 

s 

II 

CO 

CO 

LU 

z 

g 

x 

H 


> 

X 

o 

H 

2 
X 
UJ LU 
CO 


< 

►— 

CO 

LU 

5 

X 

LU 


29 


O 

X 

X 

LU 


Fo 

< 5 
> < 

r- CM 


2 
> 
G 
3 
K 
CO 
2 CO 

h* 92 

CO UJ 
LU fsl 


X 

2 

X 

X 


> 

Q 

3 

£ 


2 

LU 

h- 

< 

2 

H 

CO 

UJ 

t 

-J 

6 

O 

UJ 

—i 

m 

< 

z 

o 

CO 

< 

LU 

X 

X 

> 

X 

O 


< 
> 
X 

LU 
CO 
X 

o 

G 

il 

h- UJ 
CO H 
X CO 


X 

O 

X 

X 

X 

X 

< 

z 


> 

Q 

3 

f— 

CO 

z 

< 

2 


n ^ id co N 


CM 

I 


1 1 d « 

? = » 

§ y> 

™ SO 

8 1* 

a 2 2 

* Q, 5 

S' O’ ^ 

O v< g 


0 


$s -» 


I 

ro 

00 


<3 CTO 

A ** 

co Qu _ 

3 5 *? 

ft g ft 

= ft S 
O £ j* 
n JB « 

- - > 
l> a 'U 

SI’S 2 
E? “ g. 

5 " _ * 

*1.0 
■8?| 
• 3 * 

or ft 

ft S 
Q 

3 £ 

S « 

ft ^ 
M 
r+> 

3 * » 
ft l— 
„ ft 

H 

ft * 

8 s 9 

^ o 

32 . 

O 3 
<■* 
ft 

3* ft 

*1 

o 9 : 

S * 

*h 

S R 

5 *P 

3* 

ft ^ 

a B 


£ < <r > 

ft ^ o 

o 


ro^ 

£ * g 
5 3 o’ J* 3 

ft ^ ft ft 

^ 2 • B ft 

2 ft TJ 

5 o ho — ^ 

^ A 


=f ft 

ft 3 w 

■» D. C 
ft 


< e 

« a ^ 5 a 
2 « 0 .or 


oq 

« 


o 
? ^ 


0 S’ 2 3 

=. 5 8 * cs 

- " 3 N 

« ?3 2. 
ft 2 w 

S w 

g 2 00. 
CO 


*8 

»* o’ _ 2. 
° 2 * S* 

ft ft 
ft 3 3* Q. 
►ft ft ft ^ 

►ft jr B 
ft -• Q. 3* 
ft 3 ^ ft 

~ o 3 3 

Sg « 1 
0 2 o 2, 

3 u 7 

Isfl 

5 " *’•' 0 * 

f £ 35 * 

« s§? 

0 .* -3 

o a* *r 3 
£* « ? 
§ e’S « 

ft *U ft 
H ft 3* ft 
3* ft ft *0 
* ' J ~ 

0 H 5 

0 _3 


-o ?° - 

23 * o 
~ 0 < >1 
^ 3 (P M 
«< 2. 3 0 

_ ff ** ^ 

2, 3 < 0 

3 3 M 

*+ ft 3 * 3 ? 

or _ g. S 
3 * w 5 * ft 

” ft _ 

g s*? | 

2 0 « 

3 S *o 3 

0 3 » O’ 

'S » &2 

0-3 

* 3 £ ft 

"• M f» f» 

B S 3* O 


ft 

to— 


*8 


ii, w 
ST «-► 

^ ft _ 
™ q. r 

« “2 

<i 

*1 

a 


*» oq 0 T> 
8 5*2. 
o S g 5* I.' 
=tS 3 2 2 

52. _ " » 3 

=* 3 o * 

" ■s 3 sc 3 

0 

0 


H.IO O 
»«. 3 * 

M 2.i#. 

3 *2.5* 0 0 
r»?,” m 

3 5 - 

7 0 3* 3 H 


5 3 w 

21 ft 3 

»3i 

ft ^ B 

gni 
g g 0 
•8! i 

r I* 

^0 g 

o’ 1 Z 
»• ^ !? 


5-?g 3 


'♦’S 

S’ n 
0 


2, o 
co ^ O 

c 7 s sr 


ft 

o 

3 T ^ W 

*o *+ ® * 

S ft « § 
ft ft 3 2. 
7 - ft ft 

1 * 2 - 
T 0 5 0 
o ft M 3« 

*0 3 ? 
age-* 

CO «< “ 3 

|y?l 

^ ft C CT' 

0 ds * 

-o 0 S..O 

« ft c 

3 a 2 5 . 

ft < ^ A 

0 0 5 * 
Z^ y “ 

3 ®q 3 

» 2 2 » 
ft ft ts 
ft a ft ~ 

g§ 


ft 2 c 

0 o 3 

a B a 

1 s. * 

~2*o 

8 §J 
M 2.’° 
e 3 . £ 
*5 0 

ft ^ ft 

«o O O 
= 22 
^33 

_ e 
5 2 ff 

2 2* 
Qt a < 

H o’ * 

3 * * 8 
0 *3 0 
ft ft ft 

<< a. ft 

3 T CO 


b W A W 

M ft ft 

s^SS 

^ a O 
O’ » ° 2 
ft ^ 'o 3 

0 2 0 s 
3^5° 

•a? 8 5 

^s*-« 

a??| 

js » 

8 §• ® 
M * » » 

S* « ? 3 

S3 g \ 
<< O B i- 


c 7 ? 

»h| 

° 

3 ? ^ 

2 5T 

3 H 7 

^ ft 


ft if 
^ « 

* B 

- a ii 

| a I 

ft 
ft 

o 
3 

-3 
C 


CL 

0 


o 


co 

e 

ft 

ft 

ft 

CO 


511 

ft CO — 

o ar s 

3 2 3 
r4 CL Z 

0* ft 
o c ft 
B co 

ka# MM ^ 

<} 3 3* 
a. oq ft 


3 01 


® *3 

O “ ™ g w 

? Z» S * s 

IlMil 

||?!|S 

3 “• *1 C a 

o * ^ ® 8 * 

??£=*& 

i’ =■, s J 

o 5 » ~ JT ~ 
^ 0 m *** 2. sr 


_ e o x 
<•^00 g 
-» ^ i s a ^ 

*+ 2 o • a 

o" < 2. 3 2. — 

1 >* 3 c 3 

3 H r* • O 
3^-8 ° O 3 
° 3 3 f" M 

9 111 S I 

“* s O C ft 


&-?ia 


« *» 

3* 

3* ft ~ “ 
09 CO O. 0 jj O 

■2 0 * 


ps 
?a .<8 


S' 


CO - 

»0 ft . 

ft s. ft g 3 
c r a 

i ^ 


S 3 £ o co £ S 

c • a» c q» 3 

•2 ^ 3i 3 

2, 3* ft ft CO 
S* ft ft ^ M 

~ « ft e 

3* ft * i-i C 
3 * _ M 0 

oq SI H 0 c 
< ^TJ 5* 
2.* ; .« 

z? g < a 

» 002 

3 £-*8 
5|?§s. 

O co 3 ± 

n 5* S' ? ® 
* - 2 o ^ 
5. § 5 - ft 
Bq, 3 ^ O 
ft Q- 3* 3 

a T ft ft 2 

I! i f-s 

O << 3 ft • 

3 co *D 

co O B ft B 

r+ 3 2 3 

ft ft O 
ft 5jS»5 
^ sr ft 21 
ft ft Ou ft co 


3 2. H 

— “• ft 
O 3* 


sr g. 

ft *3 S 

w s y 

3* r-A rZ # 
» sr w 

^ ft ft 
NlJ 3 

^ ft 2 

“5 5 

s w a 

O ft 


O’ 
ft 

r* o 


Z, 

ft § 
® =* 


I a!j 

-- B ft 
••«» ft 


3 Ji 

I <8 


co 
O 

3 

ft 

ft — ^ 

sr» $ 

?2 ? 

§ Sq 

?zs 

fs; 


3 2 
oq 0 
• 

H S 

• y 

p ^ 
00 ^ 

3ft 

? ^ 
"i *■* 

0 2 

1 3 
^ CO 


3* 3 
*5 3 
n O 

s ? 

R B 

3 a 

~ 5 
? 3 
SI • 

— ft 


3 srj 5*3 

0 ft *3 ft CO 

“ ?3 ^ 


0 Q. 3 ^ 3" 3 S’ 

•ffg IffgjS 

^ O Si tot M «. 

ftto-lO^ ftftftftft 

* _ *t # 

sr m 


•o S’ •< 
“ a §1 
5 o 5 * ® 

5 ft • TJ 
® * 2 . 

2.0 „ g 
§8 ja 
3” S-o 

o sr «. 0 

- 0^2 
3 sr» 3 
* * 

8 ?< o 

5* 3 
O a 0 2 . 

2 

3* ft a ft 
ft ft 3 O 
< ft ft ne 
ft 3 S ft 
cr ^ 3 'o 

2 ft * 2 . 

3 = 0 3 
2 c ft 

S » 

2 e a _ 

a 8 =’ 3 

- 0 S -• 
S 0 3 2 
^ _ 0 o 
=•3 0 3 

CO ft *- 

O 3- 

3 0 S' 0 
0 *o a 

o> 2 -0- ft 

C ® ? 0 

g ag 3 

2 ft 9 

S ~ ft 

CO ft B g 

g a ?3 
0 ^£* 2 . 
<.0^0 

0 ®S 0 2 

3 g g o. 

tJ T 3 c 

J ~ "1 M 

Q. 0 O =• 

to— ft 3 

a 3 09 
^ a s, 60 

B ^'iS S 
2 * ft * B 

ft ft ►ft 

SO°? 

0 er 


I 


o 

o 

r 




, CO 



1 DEPT. OF DEFENSE FUNDED DEMO (NO EXPORT TECHNOLOGY RESTRICTION) 

2 POLISHING BY NORM COLE, TUCSON 

3 WILL BE THE FIRST 3.5 M, SPIN-CAST PRIMARY 

4 COMPUTER CONTROLLED POLISHER; HST FLIGHT UNIT - PERKIN ELMER CORP. 

5 FULL DIAMETER LAP; HST ALTERNATE - EASTMAN KODAK 
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Wind loading on the entire structure is an issue as well. Because cavity wind loads on the structure 
could possibly be cyclic in nature, they could induce resonance of the structure if the frequency of the 
load is near a natural frequency of the strucutre. However, the lowest natural frequency of the 
conceptual telescope structure is reasonably high, reducing the possibility of such an occurrence. 
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The de-focus stability requirements for the current model can be met if the temperature change 
experienced by the telescope during viewing is less than 1.5°F. However, since the predicted 
temperature change can be as high as 20°F, more work is needed in this area to preclude possibly 
frequent refocusing. 
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Mirror stress estimates considered only normal (i.e., tracking) operating conditions. It is assumed that 
a caging mechanism will operate under gust and other abnormal acceleration conditions to prevent 
failure in the mirror. Mirror survival is not expected in the event of a maximum forward crash load of 
9 gs though stress should be accurately evaluated for all credible levels of airframe acceleration. 
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Vibrations of the aircraft platform are transmitted through the structure to the primary mirror causing 
1 ) a vibratory distortion of the mirror figure, 2 ) an oscillation of the focal point (vibration of the axial 
position of the primary mirror with respect to the secondary mirror) and 3 ) a vibratory tilting of the 
primary. Estimates have been made of the maximum amplitudes of primary mirror translation along 
the telescope axis and mirror surface distortion. 
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Cavity Modification rnnc^pt (Contd) 
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Drag increments were estimated for the current configuration with an open port 180" x 210" in size, an 
aft ramp and a KAO-like fence forward of the open port. Four basic modes and fence/door positions 
were studied. They ares 1) Flight mode, where the door is closed and fence retracted, for takeoff, 
climb, descent and landing and ferry flights; 2) Observation "Mode I" with fence retracted and doors 



Door Full Open 8.9sqft 64sqfl .06sqll .92sqft 18.09 sq ft 

Fence Full Deployed 
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Altitude - 41000 It. Time On Station No Change No Change Change in No Change 

Time on Station Initial 

7 hours Altitude 
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Environmental control within the cavity is feasible from both a financial and technical standpoint. It 
can be accomplished using modified, but for the most part "off the shelf” equipment and technology. 
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The Boeing 747 aircraft proposed for use as the platform for SOFIA is both larger and heavier than any 
aircraft currently based at Ames Research Center, and existing ground support facilities are 
inadequate for providing the aircraft, telescope, and research investigator requirements of such a 
facility as SOFIA. 
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MISCELLANEOUS TOOLS, KITS 
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- CIVIL SERVANT AND SUPPORT SERVICE CONTRACT 



Ames Research Center 
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SCHEDULED GROUNDING OF AIRCRAFT FOR PERIODS OF 2 WEEKS - TWO TIMES A YEAR 
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SAFETY PROCEDURES, OXYGEN MASK CHECKS 
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RESPONSIBLE FOR PROVIDING AND OPERATING THE DETECTING INSTRUMENT AND CONTROL SYSTEM 
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